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General procedure for alkylation reaction of 5
The Ni-Glycine complex (S)-5 (1.0 g, 1.66 mmol) and 1,1,1-trifluoro-3-iodopropane (0.21 mL, 1.83 mmol) were stirred in deoxygenated N,N-dimethyl-formamide (DMF) (10 mL) at room temperature under nitrogen. Then, NaOH (beads) (0.080 g, 2.00 mmol) was added into the above mixture. The resulting solution was stirred at room temperature for 2 h, and then was poured into water (10 mL) and EtOAc (10 mL) at same temperature. The mixture was separated and aqueous layer was extracted with EtOAc (2 x 10 mL). Combined organic layer was washed with brine and dried over Na 2 SO 4 , then evaporated to afford (S,S)-7 (1.14 g, 98.4%, 84.0% de).
(S)-5: 1 H NMR (600 MHz, D 2 O): δ 8.81 (s, 1H), 8.23 (d, J = 9.3 Hz, 1H), 1H), 3H), 1H), 2H), 1H) analysis data system (SHIMADZU CORPORATION, Kyoto, Japan).
Column: Inertsil ODS-3, S-3 μm, 4.6 mm×150 mm Eluent: A = 0.01 M HCOONH 4 in 0.1% HCOOH aq B = acetonitrile Table S1 . Gradient of the HPCL analysis. The mixture of Ac-AA 10 (50.4 g, 236 mmol) and 6 N hydrochloric acid aq. (202 mL, 1210 mmol) was heated at 100 °C for 4 hours. After reaction was complete, the reaction mixture was cooled, concentrated and dried in vacuo at 50 °C for 3 hours, in which the compound was loosened for good dryness, to give 50 g as a crude. The crude was grinded to be as fine powder as possible, and then, was washed by stirring in acetonitrile (250 mL) for 30 min. The resulting sticky suspension was filtered, washed with acetonitrile (100 mL) and dried in vacuo at 50 °C overnight to afford the AA HCl salt 11 (43.6 g, 88.8%) 8, 58.4, 63.1, 68.8, 71.2, 124.3, 125.9, 126.3 (J = 275.0 Hz, q), 126.9, 127.0, 127.1, 129.5, 129.5, 129.9, 130.5, 131.1, 132.2, 132.4, 132.7, 133.4, 133.6, 134.8, 140.6, 171.0, 177.9, 180.0. 19 
11:
Disassembly of Diastereomer (S,S)-7 and ion-exchange column isolation
To a suspension of Ni(II) complex (S,S)-7 (33.6 g, 48.2 mmol) in methanol (336 mL) was added 3 N hydrochloric acid aq. (80 mL, 240 mmol) and the whole was heated at 50 °C for 5 h. After the completion of the reaction, the mixture was cooled to ambient temperature. A resulting precipitate was collected by filtration (recovered ligand (S)-4), and the filtrate was concentrated. CH 2 Cl 2 (250 mL) and H 2 O (200 mL) were added to the residue, and then the mixture was separated. The aqueous layer was evaporated in vacuo to the residue which was dissolved in minimum amount of 9% ammonium hydroxide and loaded onto a cation-exchange resin column using DIAION SK-1B (Mitsubishi Chemical Co., 440 mL). The column was first washed with de-ionized water until neutral and followed by 9% ammonium hydroxide to elute the desired amino acid. The aqueous solution obtained was evaporated to afford AA (S)-1 (8.34 g, quant., 
99.2% ee).
